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ABSTRACT 

The Do * I?n decay mode is shown to be suppressed by a large factor insensi- 

tive to n- n’ mixing and SU(3) symmetry breaking in all diagrams where the n is 

produced via the d?i and s? components, but to be roughly equal to the I?s” and 

I?n’ when produced via the uil component. The relative decay rates to I?n, K”tl ’ 

and I?$ distinguish between models producing the additional q?I pair in weak or 

strong vertices. 
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Nonleptonic decays of charmed mesons appear to be complicated and not to 

fit any simple model. I-10 Attempts to understand these decays either by sym- 

metries or dynamics involve fitting a number of branching ratios with several 

independent amplitudes, either with different symmetry properties or arising from 

different diagrams. Assumptions that any one particular symmetry amplitude or 

diagram is dominant have not been successful. 

An alternative approach is to look for particular decay channels which can 

distinguish between two types of contributions and can therefore narrow down the 

search for the right set of contributing amplitudes. The n and 0’ states provide 

useful information in this approach, because they have the same quark constituents 

and differ only by a relative phase. Diagrams in which this relative phase plays a 

crucial role predict suppression of one channel or another. In the particular case of 

Do decays there is a simple division of all possible mechanisms into two classes 

which produce the 11 or Q’ via the UC component or the dz and ss components. The 

l?rl decay is strongly suppressed in the latter and not in the former. 

-00 Consider the decays Do + K P , where P” is a neutral pseudoscalar meson, 

0 71 ,n orn’. There is one quark-antiquark pair in the initial state and two pairs in 

the final state. There are only two mechanisms for the creation of the additional 

pair, one weak and one strong: 

1. The additional pair is created directly in the weak decay of the charmed 

quark c + su& with no further pair annihilation and recreation in final state inter- 

actions. In this case the final state has the quark constituents (sa (~3 and the 

neutral pseudoscalar P” is created via its u; component. The I?n, I?n ’ and i?n” 

are created with roughly equal amplitudes, corrected by phase space and a factor 

of flenhancing the I?TI’ mode. 
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2. The additional pair is created by a strong gluon. This includes both the 

diagrams where the weak transition leads to a single q{ state and the additional 

pair is created by gluons and the diagrams where a ui pair created in a weak 

transition via the mechanism (1) above is annihilated into one or more gluons and a 

new qs pair is created. The gluons create UC, d?l and s?. pairs with roughIy equal 

amplitudes (corrections for flavor SIJ(3) symmetry breaking are discussed below), 

but only the d?I and s? contributions are allowed by the OZI rule to contribute to the 

pP” final state. The relative phases of these two contributions are such that they 

interfere constructively for the I?n’ mode and destructively for the I& mode. 

Thus the I?n decay mode is strongly suppressed relative to the I?n ‘. 

A measurement of the ratio of the decays Do+ I?n and Do+ I?n ’ should 

therefore determine whether the dominant mechanism of the decay is of type 1 
J. 

(weak production of the additional pair) or type 2 (strong production of the 

additional pair). This information can provide important clues and constraints on 

models which attempt to describe the details of the decay process. The quaIitative 

argument given above is very insensitive to effects of SIJ(3) breaking and n - n ’ 

mixing which normally plague predictions of this kind. We now consider this 

process quantitatively in detail. 

The transition amplitude for the mechanism 1 can be written 

<K”PoIWl( DO> = <P”(Pu~Xo~ul~,I DO> , (1) 

where Pu, Pd and Ps denote the neutral pseudoscalar meson states with the quark 

constituents uu, o’d and ST respectively. Equation (1) expresses the observation that 

transitions via this mechanism must go by the UC state. 

The transition amplitude for the mechanism 2 can be written 



4 FERMILAB-Pub-80/89-THY 

<PIP21W21 Do> = <PIP21 G I(&+?) lWlD’> (2) 

where P, and P2 are any two pseudoscalar mesons, charged or neutral, G is the 

operator which denotes the transition from a single q< pair to two pairs by strong 

gluon interactions, and W describes the weak transition from the initial Do state to 

an intermediate (s?il state, including effects of strong gluon interactions. Equation 

(2) expresses the essential feature of mechanism 2; namely that the transition 

proceeds via an intermediate q{ state which must be sa to conserve charge and 

strangeness in the strong transition to the final state. The flavor dependence of 

the gluon matrix element is given by 

+ik.d IG l(d) ’ = <(s?i)(da IGl<s& = (l/~)<(s”;)(s;i) IGI (s?i) > , (3) 

where 5 is an SU(3Lbreaking parameter which is unity in the flavor SU(3) limit and 

is generally less than unity. ‘I- l2 We consider amplitudes in which the additional 

q< pair produced is split between the two final mesons, in accordance with the 021 

rule. Thus the UC amplitude contributes only to charged decay modes. 

The gluon matrix element for the physical meson final states is then given by 

<PIP21GI(S;i)> = c ~P,l~s~~~P21~q;i)~~s~~q~lGl~sTi)~ . (4) 
q=u,d,s 

The overlaps between the quark states and the pseudoscalar mesons are assumed to 

be simply related; i.e. all mesons in the pseudoscalar nonet are assumed to have the 

same spatial wave functions, 

<K-j(s;)‘= <I?j(sa)> = ‘Ps1(s3)> = <~-l(ua)> = <PdI(d;?)> = <Pul(&.(5) 
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The neutral mesons are related to the Pu, Ps and Pd states by the usual expressions, 

1 no> = cl/ml Pu - Pd > @ia) 

(ng> = (1/&)(Pu+Pd-2Ps> (6b) 

/‘II> = (l/fi)lPu+Pd+Ps> (6~) 

lo> = (1/2)(Pu+Pd-~ps> (7a) 

In’> = (1/2)IPu + Pd + JzPs> 

-. 

(7b) 

where n8 and nI are the SU(3) octet and singlet states and Isgur’s mixing angle 13 

has been used to define the physical n and n’. Our results are insensitive to the 

exact value of this mixing angle. 

Substituting eqs. (3-7) into eqs. (1) and (2) gives the following results: 

<$&“IWV1 Do> q JscI?ngIWII Do> = (65)4+ lW,IDo> (8a) 

< f&r0 /WI IDo> = /%l?nl WI1 Do> = fl<<K”rl IW, IDo> . (8b) 

In the SU(31 limit, 5 = 1, 

-@s01W21Do’= “%K”n81W21Do> = (J778)<K”nI[\VIIDo> . @a) 

In general, for arbitrary values of 5, 
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-&n”]W2 IDo> = t f%l -v’?%,l<l?nl W21D”> = [.,?-/(I +fl.,l<f?n’)W2]Do>. (Yb) 

Equations @a) and (8b) show that the transitions to the l?n’, l?n and &I’ 

states via mechanism (I) are roughly equal and insensitive to the mixing angle. 

However, eqs. (Ya) and (Yb) show that the transition via mechanism (2) to the I?% 

final state is strongly suppressed over a wide range of mixing angles and SU(3) 

symmetry breaking. The ratio of the reduced transition probabilities (with phase 

space factored out) for the Kn and l?n’ transitions is l/8 in the SU(3) limit with no 

mixing. Both mixing and SU(3) breaking make the suppression stronger. With the 

Isgur mixing angle, the suppression factor is [(I-fi()/(l+fiC) 12. This is less than 

l/9 for all values of 5 between fiand I/&. Thus the Kn decay mode is suppressed 

at least by a factor of 9 relative to Kn’ when the probability of producing an (55) -. 

pair from the vacuum is anywhere between double and l/8 of the probability of 

producing a (da pair. 

Thus a measurement of the I?II’, --” K n and i?n’ branching ratios in the Do 

decay should be able to distinguish between the two mechanisms. 14 Even an .upper 

limit on the ratio of unobserved I?o decays to I?n” decays is significant. It rules 

out mechanism (I) if it is well below the prediction (Sa) of l/3. 

-*o 0 This approach can be applied to any process which decays to l?P” or K P 

states via an intermediate sa state. The results are a straightforward generali- 

zation of the well-known SU(3) predictions that the Knl and K*n f decays are 

forbidden in transitions with F-type coupling and the Kn8 and K*n8 decays are 

suppressed by a factor of 3 relative to the no decays with D-type coupling and 

suppressed by a factor of 8 relative to the n ’ decays if the 021 rule is assumed in 

addition to D coupling. When SU(3) breaking and mixing described by Isgur’s angle 

are included, the results analogous to eqs. (9) are: 
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- <i?n”lG I&i)> = t n/(1? 2~)l’I?~g~G~( d) s- > = [(J772)1(1 + 511 <l&,1 G I&$ > (lOa 

- <K”no IG((sdl > = [a/(1 T n<)l @n( G ((sd) > = I a(1 +flc)I<K’n’IGI(sd)> (lob) 

where the upper sign is used for transitions described by D-type coupling and the 

lower sign for F-type. Whether the coupling is D or F depends in this case upon 

whether the amplitude is symmetric or antisymmetric under the interchange of the 

two final state mesons. In the s-wave Do decays (91, the amplitude is symmetric 

and the upper sign of (10) is seen to be in agreement with the results (9). The 

results (IO) hold for any (s;T) intermediate state and the K” can be replaced by any 

K* resonance or other state with the same flavor quantum numbers. 

If the three-body decays Do+ KnP” are dominated by the W2 mechanism, 
a. 

then the K*@YO)n channel should be enhanced and the K*(SYO)nl suppressed (but 

probably unobservable because of low phase space). However, for an s-wave K?I 

system the T?nn mode is suppressed and the i&n’ enhanced. Thus if both decays 

are observed, the Dalitz plots for the two should be very different. 

Application of these results to decays of strong K* resonances may be of 

interest. Precise measurements of the suppression factors may give information on 

the mixing angles and SU(3) breaking. 
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